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CONVERSION CIRCUIT BOARD OF
BRUSHLESS DIRECT CURRENT (BLDC)
MOTOR AND PACKAGED TERMINAL AIR

CONDITIONER (PTAC) COMPRISING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of International
Patent Application No. PCT/CN2018/103°734 with an inter-
national filing date of Sep. 3, 2018, designating the United
States, and further claims foreign priority benefits to Chi-
nese Patent Application No. 201810345408.0 filed Apr. 17,
2018, and to Chinese Patent Application No.
201820546260.2 filed Apr. 17, 2018. The contents of all of
the aforementioned applications, including any intervening,
amendments thereto, are incorporated herein by reference.
Inquiries from the public to applicants or assignees concern-

ing this document or the related applications should be
directed to: Matthias Scholl P.C., Attn.: Dr. Matthias Scholl
Esq., 245 First Street, 18th Floor, Cambridge, Mass. 02142.

BACKGROUND

This disclosure relates to a conversion circuit board of a
brushless direct current (BLDC) motor and a packaged
terminal air conditioner (PTAC) comprising the same.

Conventionally, as shown 1n FIG. 1, the motherboard of
the packaged terminal air conditioner 1s directly connected
to a BLDC motor. This leads to a relatively low operational
elliciency and to a high production cost.

SUMMARY

Disclosed 1s a conversion circuit board of a brushless
direct current motor. The motherboard of a packaged termi-
nal air conditioner can be connected to two or more BLDC
motors via the conversion circuit board, thus improving the
operational efliciency.

The disclosure provides a conversion circuit board, com-
prising: a microprocessor module; a power module; a com-
munication module; a first interface module; and a second
interface module. The microprocessor module 1s adapted to
communicate with a motherboard of an air conditioner via
the communication module; the microprocessor module 1s
adapted to connect to a first brushless direct current motor
and a second brushless direct current motor via the first
interface module and the second interface module, respec-
tively; and the power module supplies powers for the
microprocessor module, the communication module, the
first interface module, and the second interface module.

The power module can comprise a surge current suppres-
s10n circuit, an electromagnetic interterence (EMI) circuit, a
rectifier circuit, and a DC-DC converter circuit; an input end
of the surge current suppression circuit can be connected to
an AC mput; the surge current suppression circuit, the EMI
circuit, the rectifier circuit and the DC-DC converter circuit
are connected sequentially; an output end of the rectifier
circuit outputs a DC bus voltage; and an output end of the
DC-DC converter circuit outputs a plurality of 1solated
independent power supplies.

The rectifier circuit can be a rectifier comprising a voltage
doubling circuit which 1s adapted to double the DC bus
voltage.

The first interface module and the second interface mod-
ule each comprise five signals: a DC bus voltage, a ground-
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ing signal, a driving voltage of an insulated-gate bipolar
transistor (IGBT), a speed command signal, and a speed
teedback signal.

The communication module can be a serial communica-
tion module.

The speed feedback signal can be a pulse signal; the
microprocessor module 1s adapted to convert a pulse number
of the speed teedback signal into a real-time rotational speed
of the first and/or second brushless direct current motor.

The speed command signal can be a pulse-width modu-
lation (PWM) signal.

The communication module can be a RS485 serial com-
munication module.

Also provided 1s a packaged terminal air conditioner,
comprising a motherboard, the aforesaid conversion circuit
board, a first brushless direct current motor, and a second
brushless direct current motor. The microprocessor module
communicates with the motherboard via the communication
module; the microprocessor module 1s connected to the first
brushless direct current motor and the second brushless
direct current motor via the first interface module and the
second interface module, respectively; the microprocessor
module 1s adapted to convert a rotational speed command of
the motherboard into a speed command signal of the first
and/or the second brushless direct current motor; and the
microprocessor module 1s adapted to convert and transmit a
speed feedback signal of the first and/or the second brushless
direct current motor to the motherboard.

The first brushless direct current motor and the second
brushless direct current motor each can comprise a motor
body equipped with a drive circuit board; the motor body
can comprise a stator assembly, a rotor assembly, a rotary
shaft and a bearing; the drive circuit board can comprise a
built-1n 1interface circuit, a motor microprocessor, a detection
circuit of motor operation parameters, and an IGBT inverter
circuit; the detection circuit 1s adapted to transmit detected
motor operation parameters to the motor microprocessor, the
motor microprocessor outputs a control signal to the IGBT
inverter circuit, and the IGBT inverter circuit controls the
power on or ofl of the stator assembly.

The first brushless direct current motor and the second
brushless direct current motor are a plastic encapsulated
motor and each can further comprise a front bearing support
and a rear bearing support; the stator assembly can be a
plastic encapsulated stator assembly comprising a stator
core, an end msulator, a coil winding and a plastic package;
the stator core, the end insulator, and the coil winding are
integrated with the plastic package; the front bearing support
and the rear bearing support are disposed at two ends of the
plastic encapsulated stator assembly, respectively; two bear-
ings are provided and disposed on the front bearing support
and the rear bearing support, respectively; the rotary shatt
can be supported by the two bearings; and the rotor assembly
can be connected to the rotary shatt.

The detection circuit of motor operation parameters 1s
adapted to detect a rotor position signal or a phase current
signal of the coil winding or a bus current signal and a bus
voltage signal.

The conversion circuit board can comprise a four-pin full
duplex communication interface, two pins of which can be
connected to the communication module, and the other two
pins can be connected to a grounding signal and a supply
voltage of the microprocessor module, respectively.

The conversion circuit board can comprise two standard
6-pin communication interfaces; 5 pins ol one standard
6-pin communication interface can respectively be con-
nected to a DC bus voltage, grounding signal, a driving
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voltage of an insulated-gate bipolar transistor (IGBT), a first
speed command signal, and a first speed feedback signal,
and one pin 1s stand-by; 5 pins of the other standard 6-pin
communication interface can respectively be connected to
the DC bus voltage, the grounding signal, the drniving
voltage of the insulated-gate bipolar transistor (IGBT), a
second speed command signal, and a second speed feedback
signal, and one pin 1s stand-by.

Advantages of the conversion circuit board of a brushless
direct current motor as described in the disclosure are
summarized as follows.

1. The conversion circuit board 1s an integrated structure
and cost-eflective.

2. The output end of the DC-DC converter circuit outputs
a plurality of 1solated independent power supplies for each
circuit unit, ensuring the stable power supply.

3. One PTAC motherboard can drive two or more BLDC
motors via the conversion circuit board. This reduces the
operation cost and improves the operation efliciency.

4. Conventional interface modules can be applied to the
conversion circuit board and the packaged terminal air
conditioner. This facilitates the connection and assembly of
the packaged terminal air conditioner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s schematic diagram of a control unit of a
packaged terminal air conditioner (PTAC) 1n the related art;

FIG. 2 1s schematic diagram of a packaged terminal air
conditioner (PTAC) 1n accordance to one embodiment of the
disclosure:

FIG. 3 1s a block diagram of a power module of a
conversion circuit board 1n accordance to one embodiment
of the disclosure;

FIG. 4 1s a circuit diagram corresponding to FIG. 3;

FI1G. 5 1s another circuit diagram corresponding to FIG. 3;

FIGS. 6A-6B are circuit diagrams of a first interface
module of a conversion circuit board in accordance to one
embodiment of the disclosure:

FIGS. 7TA-7B are circuit diagrams of a second interface
module of a conversion circuit board in accordance to one
embodiment of the disclosure;

FIGS. 8A-8C are circuit diagrams of a communication
module of a conversion circuit board 1n accordance to one
embodiment of the disclosure;

FIGS. 9A-9C are circuit diagrams ol a microprocessor
module of a conversion circuit board in accordance to one
embodiment of the disclosure;

FIG. 10 1s a stereogram of a BLDC motor as described in
the disclosure;

FIG. 11 1s an exploded view of a BLDC motor as
described 1n the disclosure;

FIG. 12 1s another exploded view of a BLDC motor as
described 1n the disclosure;

FIG. 13 1s a sectional view of a BLDC motor as described
in the disclosure;

FI1G. 14 15 a block diagram of a driving circuit board of a
BLDC motor as described in the disclosure;

FIG. 15 1s another block diagram of a driving circuit
board of a BLDC motor as described in the disclosure.

DETAILED DESCRIPTION

To further illustrate, embodiments detailing a conversion
circuit board of a brushless direct current (BLDC) motor are
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described below. It should be noted that the following
embodiments are intended to describe and not to limit the
disclosure.

As shown 1n FIG. 2, provided 1s a packaged terminal air
conditioner (PTAC) comprising a PTAC motherboard, a
conversion circuit board, a first brushless direct current
motor, and a second brushless direct current motor. The first
brushless direct current motor and the second brushless
direct current motor are employed to drive a blower. The
microprocessor module communicates with the PITAC moth-
erboard via a communication module.

The conversion circuit board comprises a miCroprocessor
module; a power module; a communication module; a first
interface module; and a second interface module. The micro-
processor module communicates with a motherboard of an
air conditioner via the communication module. The micro-
processor module 1s connected to a first brushless direct
current motor and a second brushless direct current motor
via the first interface module and the second interface
module, respectively.

The microprocessor module of the conversion circuit
board 1s adapted to convert the control command transmitted
from the PTAC motherboard to the first and/or second
brushless direct current motor.

As shown 1 FIGS. 3-5, the power module comprises a
surge current suppression circuit, an electromagnetic inter-
terence (EMI) circuit, a rectifier circuit, and a DC-DC
converter circuit; an input end of the surge current suppres-
sion circuit 1s connected to an AC mput; the surge current
suppression circuit, the EMI circuit, the rectifier circuit and
the DC-DC converter circuit are connected sequentially; the
output end of the rectifier circuit outputs a DC bus voltage
VDC; and the output end of the DC-DC converter circuit
outputs a plurality of 1solated independent power supplies
for each circuit unit. The rectifier circuit 1s a rectifier
comprising a voltage doubling circuit which 1s adapted to
double the DC bus voltage VDC. The power module outputs
a DC bus voltage VDC, a driving voltage VCC1 (generally
+15V), and a supply voltage VCC2 (generally +5V) of the
microprocessor module. As shown 1n FIG. 4, the power
module comprises a surge current suppression circuit, an
clectromagnetic interference (EMI) circuit, and a rectifier
circuit. The surge current suppression circuit comprises a
first varistor V1, a second varistor V2, a third varistor V3,
and a gas discharge tube TB. The EMI circuit comprises
capacitors C1, C4, CS5, C6, and inductors L1, L2. The
rectifier circuit 1s a rectifier DB. The voltage doubling circuit

comprises capacitors C11, C10, resistors R8, R9, R10, R11,
and a connector JK. FIG. 5 shows a DC-DC converter circuit
comprising a first chip IC 101, a second chip U101 and
peripheral circuits.

As shown in FIGS. 6A-6B, the first interface module
comprises five signals: DC bus voltage VDC, grounding
signal GND, driving voltage VCC1 of an insulated-gate
bipolar transistor (IGBT), a first speed command signal
VSP1, and a first speed feedback signal FG1. The conver-
sion circuit board comprises two standard 6-pin communi-
cation interfaces CN1, CN2. 5 pins of one standard 6-pin
communication imterface CN1 are respectively connected to
the DC bus voltage VDC, the grounding signal GND, the
driving voltage VCC1 (+15 V) of an insulated-gate bipolar
transistor (IGBT), the first speed command signal VSP1, and
the first speed feedback signal FG1, and one pin 1s stand-by.
In FIGS. 6A-6B, the PWMI1 1s connected to the output end
of the microprocessor module. The output end of the micro-
processor module 1s connected to an amplifying circuit
comprising triodes (0201, (0202 and outputs the first speed
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command signal VSP1. As shown in FIGS. 7A-7B, the
second 1nterface module comprises five signals: DC bus
voltage VDC, grounding signal GND, driving voltage VCCI1
of an insulated-gate bipolar transistor (IGBT), a second
speed command signal VSP2, and a second speed feedback
signal FG2. 5 pins of the other standard 6-pin communica-
tion 1interface CN2 are respectively connected to the DC bus
voltage VDC, the grounding signal GND, the driving volt-
age VCC1 (+15 V) of an insulated-gate bipolar transistor
(IGBT), the second speed command signal VSP2, and the
second speed feedback signal FG2, and one pin 1s stand-by.
In FIGS. 7A-7B, the PWM2 1s connected to the output end
of the microprocessor module. The output end of the micro-
processor module 1s connected to an amplifying circuit
comprising triodes Q203, Q204 and outputs the second
speed command signal VSP2.

As shown 1n FIGS. 8A-8C, the communication module 1s
a RS485 sertal communication module. The conversion
circuit board comprises a four-pin full duplex communica-
tion 1nterface CN3, two pins of which are connected to the
communication module, and the other two pins are con-
nected to the grounding signal GND and a power supply
VCC2 (+5 V), respectively.

As shown 1 FIGS. 9A-9C, the microprocessor module
comprises two signal outputs PWM1 and PWM2, which are
amplified to form the first speed command signal VSP1 and
the second speed command signal VSP2, respectively, and
output. The microprocessor module comprises two signal
inputs FG1.1 and FG1.2, corresponding to the first speed
teedback signal FG1 and the second speed feedback signal
FG2, respectively. The microprocessor module comprises
two signals TXD1 and RXD1 connected to a serial com-
munication module.

The first speed feedback signal FG1 and the second speed
teedback signal FG2 are pulse signals. The microprocessor
module 1s adapted to convert the pulse number of the first
speed feedback signal FG1 and the second speed feedback
signal FG2 1to a real-time rotational speed of the first
brushless direct current motor and the second brushless
direct current motor. The speed command signal VSP1 and
the second speed command signal VSP2 are a pulse-width
modulation (PWM) signal.

The microprocessor module 1s connected to the first
brushless direct current motor and the second brushless
direct current motor via the first interface module and the
second 1nterface module, respectively. The microprocessor
module 1s adapted to convert the rotational speed command
of the PTAC motherboard into the first speed command
signal VSP1 of the first brushless direct current motor and
the second speed command signal VSP2 of the second
brushless direct current motor. The microprocessor module
1s adapted to convert and transmit the first speed feedback
signal FG1 of the first brushless direct current motor to the
PTAC motherboard, and convert and transmit the second
speed feedback signal FG2 of the second brushless direct
current motor to the PTAC motherboard.

As shown 1n FIGS. 10-13, the first brushless direct current
motor and the second brushless direct current motor are a
plastic encapsulated motor, which comprises a stator assem-
bly 1, a rotor assembly 2, a rotary shait 3, a bearing 4, a front
bearing support 5, a rear bearing support 6, and a drive
circuit board 7. The stator assembly 1 1s a plastic encapsu-
lated stator assembly comprising a stator core 11, an end
insulator 12, a coil winding 13 and a plastic package 14. The
stator core 11, the end insulator 12, and the coil winding 13
are integrated with the plastic package 14; the front bearing
support 3 and the rear bearing support 6 are disposed at two
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ends of the plastic encapsulated stator assembly 1, respec-
tively; two bearings 4 are provided and disposed on the front
bearing support 3 and the rear bearing support 6, respec-
tively; the rotary shait 4 1s supported by the two bearings 4;
and the rotor assembly 2 1s connected to the rotary shaft 3.

The first BLDC motor and the second BLDC motor as

shown 1n FIG. 2 each comprises a motor body equipped with
a drive circuit board. The motor body comprises a stator
assembly 1, a rotor assembly 2, a rotary shaft 3 and a bearing
4; the drive circuit board 7 comprises a built-in 1nterface
circuit, a motor microprocessor, a detection circuit of motor
operation parameters, and an IGBT inverter circuit; the
detection circuit 1s adapted to transmit the detected motor
operation parameters to the motor microprocessor; the motor
microprocessor outputs a control signal to the IGBT inverter
circuit, and the IGBT inverter circuit controls the power on
or off of the coil winding of the stator assembly. The
detection circuit of motor operation parameters can detect
the phase current of each phase winding of the motor, as
shown 1n FIG. 14, and the IGBT mnverter circuit adopts an
intelligent power integrated chuip IPM. The detection circuit
of motor operation parameters can also detect the position
signal of the rotor assembly, as shown 1n FIG. 15. The rotor
position 1s detected by a HALL element. As shown in FIG.
14, the detection circuit of motor operation parameters 1s
used to detect bus current signal and bus voltage signal.

It will be obvious to those skilled 1n the art that changes
and modifications may be made, and therefore, the aim in the
appended claims 1s to cover all such changes and modifi-
cations.

What 1s claimed 1s:
1. A conversion circuit board 1in an air conditioner, com-
prising:

a microprocessor module;

a power module;

a communication module;

a first interface module; and

a second interface module;

wherein:

the microprocessor module 1s adapted to communicate
with a motherboard of the air conditioner via the
communication module;

the microprocessor module 1s adapted to connect to a first
brushless direct current motor and a second brushless
direct current motor via the first mterface module and
the second interface module, respectively;

the power module supplies powers for the microprocessor
module, the communication module, the first interface
module, and the second interface module;

the first interface module and the second interface module
cach comprises five signals: a DC bus voltage, a
grounding signal, a driving voltage of an 1insulated-gate
bipolar transistor (IGBT), a speed command signal, and
a speed feedback signal; and

the speed feedback signal 1s a pulse signal; the micropro-
cessor module 1s adapted to convert a pulse number of
the speed feedback signal into a real-time rotational
speed of the first and/or second brushless direct current
motor.

2. The circuit board of claim 1, wherein

the power module comprises a surge current suppression
circuit, an electromagnetic interference (EMI) circuit, a
rectifier circuit, and a DC-DC converter circuit;

an mput end of the surge current suppression circuit 1s
connected to an AC put;
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the surge current suppression circuit, the EMI circuit, the
rectifier circuit and the DC-DC converter circuit are
connected sequentially;

an output end of the rectifier circuit outputs a DC bus

voltage; and

an output end of the DC-DC converter circuit outputs a

plurality of 1solated independent power supplies.

3. The circuit board of claim 2, wherein the rectifier
circuit 1s a rectifier comprising a voltage doubling circuit
which 1s adapted to double the DC bus voltage.

4. The circuit board of claim 1, wherein the communica-
tion module 1s a serial communication module.

5. The circuit board of claam 1, wherein the speed
command signal 1s a pulse-width modulation (PWM) signal.

6. The circuit board of claim 5, wherein the communica-
tion module 1s a RS485 serial communication module.

7. An air conditioner, comprising:
the conversion circuit board of claim 1;
the motherboard;

a first brushless direct current motor; and

a second brushless direct current motor;
wherein:

the microprocessor module communicates with the moth-

erboard via the communication module;

the microprocessor module 1s connected to the first brush-

less direct current motor and the second brushless
direct current motor via the first interface module and
the second interface module, respectively;

the microprocessor module 1s adapted to convert a rota-

tional speed command of the motherboard into a speed
command signal of the first and/or the second brushless
direct current motor; and

the microprocessor module 1s adapted to convert and

transmit a speed feedback signal of the first and/or the
second brushless direct current motor to the mother-
board.

8. The air conditioner of claim 7, wherein

the first brushless direct current motor and the second

brushless direct current motor each comprises a motor
body equipped with a drive circuit board;

the motor body comprises a stator assembly, a rotor

assembly, a rotary shait, and a bearing;

the drive circuit board comprises a built-in interface

circuit, a motor microprocessor, a detection circuit of

motor operation parameters, and an IGBT inverter
circuit; and

the detection circuit 1s adapted to transmit detected motor
operation parameters to the motor microprocessor, the
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motor microprocessor outputs a control signal to the
IGBT 1nverter circuit, and the IGBT inverter circuit
controls the power on or ofl of the stator assembly.

9. The air conditioner of claim 8, wherein

the first brushless direct current motor and the second

brushless direct current motor are a plastic encapsu-
lated motor and each further comprises a front bearing
support and a rear bearing support;

the stator assembly 1s a plastic encapsulated stator assem-

bly comprising a stator core, an end insulator, a coil
winding and a plastic package;

the stator core, the end 1nsulator, and the coil winding are

integrated with the plastic package;

the front bearing support and the rear bearing support are

disposed at two ends of the plastic encapsulated stator
assembly, respectively;

two bearings are provided and disposed on the front

bearing support and the rear bearing support, respec-
tively;

the rotary shait 1s supported by the two bearings; and

the rotor assembly 1s connected to the rotary shaft.

10. The air conditioner of claim 9, wherein the detection
circuit of motor operation parameters 1s adapted to detect a
rotor position signal or a phase current signal of the coil
winding or a bus current signal and a bus voltage signal.

11. The air conditioner of claim 9, wherein the conversion
circuit board comprises a four-pin tull duplex communica-
tion 1interface, two pins of which are connected to the
communication module, and the other two pins are con-
nected to a grounding signal and a supply voltage of the
microprocessor module, respectively.

12. The air conditioner of claim 9, wherein

the conversion circuit board comprises two standard 6-pin
communication interfaces;

S pins of one standard 6-pin communication interface are
respectively connected to a DC bus voltage, grounding
signal, a driving voltage of an insulated-gate bipolar
transistor (IGBT), a first speed command signal, and a
first speed feedback signal; and one pin 1s stand-by; and

5 pins of the other standard 6-pin communication inter-
face are respectively connected to the DC bus voltage,
the grounding signal, the driving voltage of the insu-
lated-gate bipolar transistor (IGBT), a second speed
command signal, and a second speed feedback signal;
and one pin 1s stand-by.
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